European Community Habitats and Species Directive (92/43/EEC) and is also given protection through the Bern Convention.
In Italy the Euphydryas aurinia species complex is represented by three taxa that were alternatively considered as species or subspecies depending on authors (Verity, 1950; Hartig, 1968; Prola et al., 1978; Balletto & Cassulo, 1995; Parenzan & Porcelli, 2006; Balletto et al., 2014a) . These taxa are: i) aurinia (rottemburg, 1775) , occurring in wet meadows in the Po Plains, ii) glaciegenita (Verity, 1928) , in alpine region of Northern Italy, and iii) provincialis (Boisduval, 1828) , which is limited to the Maritime Alps and the Apennine Mountains (Balletto et al., 2014b) . According to the most recent assessment (under Art. 17 of Habitat Directive) the conservation status of E. aurinia populations is judged to be "bad" in Central and Northern Europe, where suitable habitat has become strongly reduced in area and fragmented. In Italy, at least 12 populations of E. a. aurinia have become extinct because of habitat destruction (Bonelli et al., 2011) . on the contrary, the conservation status of the Mediterranean and Alpine populations is "favourable" (Balletto et al., 2014b) .
Most of the available information on ecology and biology of the E. aurinia species complex comes from E. a. aurinia in Western and central Europe where it has been studied in some detail for over a century (Ford & Ford, 1930; Porter, 1981; Warren, 1993; 1996; Warren et al., 1994; Klemetti & Wahlberg, 1997; Wahlberg, 2001; Anthes et al., 2003; Hula et al., 2004; Saarinen et al., 2005; Mazel, 2006; Peńuelas et al., 2006; Svitra & Sielezniew, 2010; Porter & Ellis, 2011) . In contrast, very few observations on ecology and biology of this species have been carried out in the Mediterranean area. The first ecological observations on E. aurinia in the Mediterranean are reported by Verity (1950) and Jutzeler (1994) and only recently by Casacci et al. (2014) . Verity describes E. aurinia provincialis as a butterfly that usually inhabits both marshy meadows in the forest glades and dry meadows. Jutzeler refers to his observations on caterpillars and their host plants from a Ligurian population. Casacci et al. (2014) reports the results on metapopulation dynamics and dispersal abilities of two populations of E. (a.) glaciegenita from NW Alps and E. (a.) provincialis from Northern Apennines, with mention of some larval food plants (Tab. 1).
The main purpose of this paper is to understand why the Mediterranean populations of E. aurinia in Central Italy are in a better state than elsewhere by looking at key aspects of its ecology and biology. In this research we looked at a population of E. a. provincialis in the Apennines of Central Italy with the aim of identifying: i) host plant preference by ovipositing females; ii) larval host plant preferences; iii) the interaction between larvae and host plants during their life cycle; and iv) the larval survival after winter diapause.
MATErIALS AND METHoDS
Study animal. E. aurinia is univoltine butterfly with adults emerging from May and flying through June to July depending on altitude and microclimate. Eggs are laid in batches of 300 or more on the underside of the leaves of host plants (Kuussaari et al., 2004) . The species has six larval instars (three pre-diapause instars and three post-diapause instars); in European populations, the first five instars are gregarious and the sixth instar is solitary. The first three instar larvae are pale-brown and then change colour during the moult from the third to the fourth instar, becoming jetblack. In the early stages, larvae feed gregariously within a communal silken web and move from a plant to plant as their host plants are consumed; fourth instar larvae do not feed prior to diapause and overwinter in a larval web (hibernaculum), usually close to the ground and incorporating a few dead leaves which are spun tightly together (Porter, 1981; . When the fourth instar larvae emerge from the winter diapause they still show the gregarious behaviour and use basking behaviour as a way of thermo-regulating (Porter, 1981; . Larvae start to disperse in their fifth instar and feed solitarily (Warren, 1996; Kuussaari et al., 2004) . Finally they pupate close to the ground, usually on plant stems (Warren, 1996) . Study area. E. a. provincialis is a widespread species in the Central Apennines and in particular in Monti reatini (data from osservatorio per la Biodiversità del Lazio). The study population of E. a. provincialis in Central Apennines was discovered during previous survey work (Pinzari et al., 2010) on the Lepidoptera in the area surrounding Vallemare (rieti, Lazio, Central Italy, Location WGS84: N42.4836°-E13.1148°). Here, the species occupies habitat patches in montane grassland and slopes, sometimes steep and rocky, within a mosaic of different habitats including wooded (Porter, 1981; Porter & Ellis, (Porter, 1981; Sardet & (Porter, 1981; Porter & (Luckens, 1978; Betzholtz 2011; Anthes et al., 2003; Betremieux, 2006; Porter Ellis, 2011 ) et al., 2007 Casacci et al., Sardet & Betremieux, 2006; & Ellis, 2011; Botham et al., 2014) . Eeles, 2014 Eeles, ) 2011 Masek, 1987 , In: Konvicka et al., 2003 Scabiosa columbaria Scabiosa columbaria Scabiosa columbaria Scabiosa columbaria (Sardet & Betremieux, 2006) (Sardet & Betremieux, 2006; (Lobenstein, 2008 ) (Porter, 1981; Warren, 1993; Mazel, 2006) Mazel, 1984)
Knautia arvensis Knautia arvensis Lonicera periclymenum Scabiosa comosa (Sardet & Betremieux, 2006) (Sardet & Betremieux, 2006; (Porter & Ellis, 2011 ) ) Mazel, 2006 
Lonicera implexa
Lonicera periclymenum Gentiana cruciata Knautia arvensis (Stefanescu et al., 2006 ) (Warren, 1993 ) (Svitra & Sielezniew, 2010) (Porter, 1981; Mazel, 1982 Mazel, , 1984 Mazel, 1977 In: Jutzeler, 1994 Gentiana cruciata Gentiana cruciata Valeriana dioica Gentiana cruciata (Sardet & Betremieux, 2006; (Sardet & Betremieux, 2006; (Anthes, 2002) ( (Betzholtz et al., 2007 ) (Ebert & rennwald, 1991 In: Anthes, 2002)
Menyanthes trifoliata
Gentiana lutea (Anthes, 2002; Anthes et al., (rey et al., 2004 in Sardet & 2003 Betremieux, 2006)
Cephalaria leucantha (Mazel, 1982 (Mazel, , 1984 Mazel & Lutran, In: Jutzeler, 1994) Valeriana officinalis (Favretto 2009) Dipsacum fullonum (B. Gillam, com. Pers. In: Warren, 1993) beckeri Lonicera implexa Lonicera implexa Lonicera periclymenum Lonicera periclymenum (Penuelas et al., 2006; (Stefanescu et al., 2006 ) (Junker & Schmitt, 2010; ) Stefanescu et al., 2006 ) Warren, 1993 Lonicera implexa Lonicera implexa (Stefanescu et al., 2006) (Munguira, com. Pers; Templado, 1975 , in Warren, 1993 Warren et al., 1994) Lonicera etrusca (Warren, 1993; Warren et al., 1994; Kankare et al., 2005 , in Stefanescu et al., 2006 Fig. 1 ; they are adjacent to each other and Mrr sampling have shown (Pinzari M., unpublished data) that flying adults can be easily move between areas; in the study patches ( Fig. 1) C. leucantha and G. lutea were absent. Additional observations were also carried out in habitat patches located outside the study area; they are at Monte Cagno and Villa Camponeschi, where the species and its host plants G. lutea and C. leucantha are recorded.
Adults of E. a. provincialis are regularly present within the habitat patches and absent in forests and scrub. They do disperse across other land parcels, such as agricultural areas and pastures, but these lack suitable host plants and offer little in the way of nectar sources. Caterpillars were observed only in patches of habitat with uncultivated steeply sloping rocky areas or road verges.
The field-work on adults of E. a. provincialis began in 2010 and has been continued up to 2015. observations on larval stages started in 2012 and continued until 2015. A total of 77 days over three years were spent monitoring egg batches and larval webs, focusing on: eggs (from May to the end of June); prediapause gregarious phase (I-III instar on larval webs) (from May to September); diapause phase (IV instar in larval webs) (from September to mid-February); post-diapause gregarious phase (IV instar) (from midFebruary to mid-March); and solitary caterpillars (V-VI instar) (from March to mid-April).
Laboratory observations on larval feeding behaviour were carried out in captivity in rome in artificial rearing facilities indoors in (Geiger, 1987 In: Warren, 1994 Gentiana acaulis (Geiger, 1987 In: Warren, 1994 Casacci et al., 2014) Gentiana kochiana (Gerber, 1972 , In: Anthes 2002 Warren, 1996; Gerber, 1972 , In: Mazel, 1982 Gentiana alpina (Warren 1996) provincialis Cephalaria leucantha Lonicera etrusca Knautia arvensis (Jutzeler, 1994 ) (Nel, 1983 , in litt., (Casacci et al., 2014 ) In: Mazel, 2006 
Cephalaria leucantha
Cephalaria leucantha (Jutzeler, 1994 ) (Casacci et al., 2014 Centranthus ruber Centranthus ruber (Jutzeler, 1994 ) (Bromilov In: Verity, 1950) fewer observations on the species complex in the Mediterranean area and in particular in Italy. For synthesis, in Tab The presence of egg batches on host plants was recorded during twenty-three, variable length, zigzag transects. The use of variable length transects was done to allow for the heterogeneity in the distribution of host plants, especially S. columbaria and differing areas of sample locations.
In each transect we counted the egg batches (original and derived from larval webs) on each host plant to assess the number of egg batches laid in the studied habitats patches. The original site of egg batches from larval webs were determined by following the tracks of the webs spun by the caterpillars during their transfers from one host plant to another as they fed. The egg batches were recorded and the age of each batch, as determined by difference in colour, used to distinguish the eggs of different females on the same host plant. The eggs laid at different times by different females were easily recognizable by their different colour (bright yellow, freshly laid and changing from orange to purplish-brown, after a few days, Fig. 2 ). A female can lay two separate egg batches on the same plant and to avoid over estimation we considered all eggs with same colour as laid by the same female.
Using the field data we calculated for the all earlier stages (from eggs to pre-diapause larval stages) the plant occupancy rate, as the ratio between the number of plants with egg batches (original and derived from larval webs), and the number of the host plants examined along any transect.
Larval web survival and host plant phenology. To detect the role of host plants in larval survival we monitored the larvae behaviour and the larval webs during pre-winter and spring phase for three generations, focusing our attention on the growth characteristics of the host plants in the study area. The vegetative status of the host plants and surrounding vegetation was systematically recorded with photos, short notes and videos; this was schematically shown in Fig. 3A -C. We want to emphasize that C. leucantha, reported in Fig. 3 together with the other host plants, does not exist in the same place with G. cruciata; C. leucantha is limited to a rocky slope in a small habitat patch nearby Villa Camponeschi.
The pre and post-diapause larval webs were counted at every visit in each locality recording the presence/absence and documenting location by photos. For the post-diapause phase we counted both larval webs (IV instar, gregarious stage) and solitary larvae (V-VI instar). We calculated the survival rate of the larval webs as the ratio between the number of larval webs surviving the winter and the number of larval webs recorded before winter diapause.
Post-diapause larval host plant choice. To detect the larval host plant affinity of E. a. provincialis and the use of each host plant by V and VI instar larvae, we observed and counted the larval webs that overwintered and survived and the activities of gregarious (without webs) and solitary caterpillars in the study area along zigzag transects in all study habitat patches. In spring we observed the larval webs marked before winter and gregarious caterpillars (IV instar) behaviour, we then looked at the activity of solitary caterpillars. The time for each activity was assessed in proportion to the percentage of solitary caterpillars found in a specific activity. The field data were recorded when the weather was dry and sunny as this was when larvae were active.
The behaviour of the solitary caterpillars was pre-diapause nest (I instar larvae) on C. leucantha; F) pre-diapause (II instar larvae) on S. columbaria; G) pre-diapause nest (II instar larvae) during transfer from S. columbaria to prostrate stems of L. caprifolium; H) and I) behavior of gregarious larvae of IV instar after winter diapause: When it was sunny, larvae arranged more or less parallel and in a single layer closing ranks as possible (H); when there was no sun, larvae piled up on each other in a more compact manner possible (almost spherical) (I). recorded against three behavioural categories (feeding, moving and dorsal basking). In the feeding category we recorded which host plant larvae were using.
To assess how the larvae of E. a. provincialis can switch feeding between different host plants we carried out feeding tests in laboratory on larvae of each stage. The feeding tests were carried using 50 larvae from a larval web on Gentiana cruciata collected in February 2014. During these tests the host plants S. columbaria, L. caprifolium, C. leucantha and G. lutea were offered to caterpillars by random plant rotation. Additionally, Plantago sp., reported in literature as host plant of E. a. aurinia, and abundant in the study area, was also tested during feeding experiments.
Observations on larval stages in captivity. To distinguish the instar of solitary caterpillars of E. a. provincialis observed in the wild populations we collected a sample of 27 larvae from natural populations and their growth was monitored up to pupal stage in captivity.
rESULTS

Host plants.
In the study area we recorded three species that were already cited as host plants for E. aurinia species complex in other countries. They were S. columbaria, L. caprifolium and G. cruciata. A few kilometres away from the study area C. leucantha and G. lutea, were also found (see below). The plants of S. columbaria were abundant in all habitat patches, but with a patchy distribution (Tabs. 2 and 3). This is in contrast to the very low density of S. columbaria in the cultivated and recently ploughed areas. The plants of G. cruciata were located in both meadow and scrub in all habitats patches, but they were uncommon and sparsely distributed (Tab. 4). The 129 Tab. 2. records on single and multiple egg depositions in the surveys 2012-2013, 2013-2014, 2014-2015 and 2015-2016 Habitat patches: 1, 4, Crossroads Santa Maria del 2, 3, Fonte Perara; 5, 6, 7, 8, 11 , along the path between the road to Santa Maria del Monte and Hairpin curve Mattano-Malepasso; 10, Pian Mattano; 9, 12, 13, Hairpin curve Mattano-Malepasso; (Fig. 1) ; 14, Villa Camponeschi (see the location in Pinzari et al., 2010) .
robust growth from of G. cruciata meant that plants were clearly visible above the general herbaceous vegetation during butterfly flight period. In grazed meadows their visibility was increased due to their unpalatability for livestock (Fig. 3A) . In the areas where adults of E. a. provincialis fly (Pinzari et al., 2010) G. cruciata was only present in south-faced meadows above an altitude of about 1000 m. L. caprifolium was usually observed as a climber on scrub, or prostrate on the ground in the edge of the meadows, and occurred across all habitat patches in the study area (Fig. 3) . The plants of C. leucantha (thirty-two plants) were 2 km from the study area on very steep rocky slopes on the edge of a short segment of paved road between the built-up areas of Villa Camponeschi and Laculo (1000 m). In this xerothermic habitat, where C. leucantha typically grows, adults of E. a. provincialis do occasional find this host plant as they fly between habitat patches. Egg batches and/or larval webs were found on G. cruciata, S. columbaria, L. caprifolium and C. leucantha (Tabs. 2-4), whilst no eggs or larvae were observed on G. lutea in the wild. Frequent mention is made of Plantago sp. as a host plant in the scientific and popular literature. In the study areas the genus Plantago is abundant and represented by several species. However, no egg batches or feeding larvae were found on any Plantago spp. To the untrained eye, confusion is possible with Melitaea cinxia (Nymphalidae) whose pre-diapause and post-diapause larval instar could be mistaken for E. aurinia. In laboratory, larvae of E. a. provincialis did not eat Plantago spp. plants offered during the feeding tests.
Eggs and host plant searching behaviour. The flight period of adults of E. a. provincialis extends from May to July in the study locality. once mated, the females fly slowly through the meadows, nectaring and basking as well as searching for suitable oviposition sites. When searching for host plants, mated females performed very short flights, landing on plants and walking on the leaves as part of a meticulous and long inspection of the host plant (about 20 min on an area of not more than 9 cm in radius in one case). once a plant is deemed suitable, the female stops on a selected leaf of the host plant, perches on the edge of the upper side of the leaf, and bends her abdomen to lay the eggs on the undersides of the lower and large outer leaves ( Fig. 2A-C) .
over the period of the study we recorded sixtyone batches on G. cruciata (single 43%, double 22% and triple 15%), twelve on S. columbaria (single 83%, double 17%), and five on C. leucantha (all single batches) (Tab. 2). No egg batches were found on L. caprifolium and G. lutea. Many plants were without egg batches (40% G. cruciata, N=28; 98% S. columbaria, N=480; 72% C. leucantha, N=13) (Fig. 4) . The plant 130 Tab. 3. records of eggs (or larval webs) on S. columbaria in all localities during the pre and post-diapause period in the surveys 2012-2013, 2013-2014, 2014-2015 and 2015-2016 (Fig. 1) .
Host plant use over three years. From 2013 to 2015 sixteen plants of G. cruciata (81%) were used for oviposition and out of these 31% were used in two or three consecutive years (Fig. 5) . The data from the 131 Tab. 4. records of eggs (or larval webs) on G. cruciata and C. leucantha in all localities during the pre and post-diapause period in the surveys 2012-2013, 2013-2014, 2014-2015 and 2015-2016 Habitat patches: 1, 4, Bivio Santa Maria del 2, 3, Fonte Perara; 5, 6, 7, 8, 11 , along the path between the road to Santa Maria del Monte and Hairpin curve Mattano-Malepasso; 9, 12, 13, Hairpin curve Mattano-Malepasso; 10, Pian Mattano (Fig. 1) Furthermore, whilst the larvae will eat any suitable host plant, even moving from one plant species to another when feeding (from G. cruciata to S. columbaria, from G. cruciata to L. caprifolium, from S. columbaria to L. caprifolium), in the wild the change of host plant is a random event caused by the total consumption of the plant by caterpillars. Larvae from eggs laid on G. cruciata and C. leucantha almost always complete their development on the same plant. In the rare circumstances where the larvae did need to move this was usually to the more abundant S. columbaria. Egg batches that were laid on S. columbaria rapidly consume the host plant due to its small size and are forced to move in search for a new food source; this is usually another plant of S. columbaria due to the abundance of this host compared to G. cruciata. The use of different host plants and the fact that all can act as interchangeable resources for larvae of E. a. provincialis were confirmed by our feeding tests in laboratory. In fact, larvae (I-VI instar) fed on all host plants that were offered during trials without showing any preference for the host species.
Larval host plants during diapause phase. In the end of summer, when larvae of E. aurinia provincialis started the winter diapause inside larval webs, the host plants G. cruciata and C. leucantha dried out, while L. caprifolium began to lose their leaves as winter ap- (2013-2014, 2014-2015 and 2015-2016) in the habitat patches 12 and 13.
proached. In contrast, S. columbaria retains a basal rosette of green leaves through the winter. In all habitats patches we observed overwintering larvae in large larval webs on G. cruciata and with small larval webs on other host plants. Additionally, larvae could enter diapause after spinning larval webs on other plants that were not host plants, e.g. leaves of grasses, Carlina acaulis L., Eryngium sp., Prunus spinosa L. and Sanguisorba minor Scop.
The larval webs on non-host plants were always recorded in two circumstances, i) during early larval stages, when larvae move from a host plant to another in search of new food and spin webs as part of dispersal, and ii) after moulting from III to IV instar when the larvae spin stronger webs in which to hibernate; these webs can be made on any adjacent vegetation. These observations suggest that the non-host plants may have been erroneously recorded as food sources in past studies.
Larval host plants during post-diapause phase.
After the winter, the emergence of larvae from diapause is dependent upon climatic conditions and therefore altitude and sun exposure. By February the fourth instar larvae are actively basking and looking for food. Each species of host plant differs in when they begin to grow fresh leaves and develop sufficiently to provide a viable food source for the larvae of E. a provincialis. In February, G. cruciata and C. leucantha are still dormant and only beginning to sprout new leaves; L. caprifolium is still leafless, while S. columbaria has new shoots on small rosettes and an abundance of leaves. In early February the surviving larval groups of IV instar larvae on G. cruciata were still gregarious but they did not live inside a silk larval web.
From February to April, larvae abandoned the original larval webs and moved onto nearby plants, usually S. columbaria plants, that were abundant and had shoots and leaves that larvae can eat. The rarity of the small shoots of other host plants is such that we never found gregarious larvae (IV instar) feeding on plants other than S. columbaria. During these transfers the larvae follow silken "guide strands" spun by lead caterpillars without having to build a larval web.
After emergence from diapause, the larvae gradually disperse into small groups and can even feed as solitary larva in IV instar. In March, when L. caprifolium produces new leaves on prostrate branches, larvae in V instar (all solitary) also started to feed on this host plant. As growth develops on G. cruciata, the V and VI instar larvae used all three host plants as food source (S. columbaria, L. caprifolium and G. cruciata) in the study area, although the majority still used S. columbaria. L. caprifolium and G. cruciata were used less frequently (Chi square test: χ 2 =22.231, d.f.=2, P<0.0001). out of forty-six larvae, 65% were recorded on S. columbaria, 24% on L. caprifolium and 11% on G. cruciata (Tab. 5).
During the journey from one plant to another, the caterpillars often stopped to bask in the sun on a silky "platform" which is spun on dry leaves on the ground. Basking enables larvae to metabolise food more rapidly than air temperatures would suggest they spend much of their time on non-feeding activities (zscore test: z=−3.7976, P=0.00014). We observed a total of one hundred and thirty nine solitary larvae during the three seasons 2012-2015: only 33% were involved with feeding behaviour and the rest in non-feeding types of behaviour (moving, 12% and dorsal basking, 55%) (Tab. 5).
When it was sunny, larvae arranged themselves in a single layer, more or less parallel to one another, on dead leaves (Fig. 2H) , closing ranks when possible. When there was no sun (most of the day and night), larvae took shelter among the leaves and dried herbs and piled up on each other in a compact "ball" thus the contact surfaces between larvae increased as much as possible and reducing heat loss (Fig. 2I) Gregarious and solitary larval stages. During our observations on larvae feeding behaviour in February we recorded groups of IV instar larvae simultaneously with solitary larvae nearby. In March, all larvae were solitary and according to Wahlberg (2000) would have to be already at VI stage, but surprisingly they were still quite small. By collecting some of these larvae (N=27) and monitoring their growth up to pupa in captivity we revealed that twenty-four individuals were at V instar.
DISCUSSIoN
Host plants. There are over twenty larval host plants reported in literature for the Marsh fritillary Euphydryas aurinia across its European range (Tab. 1). Among host plants, Cephalaria leucantha is mentioned as the host plant of the pre-imaginal stages in E. a. provincialis by Jutzeler (1994) and in E. a. aurinia by Mazel (1982 Mazel ( , 1984 ; Gentiana cruciata is cited alone or together with Scabiosa columbaria or other plants by several authors (Mazel & Lutran In: Jutzeler, 1994; Hafner, 2001 com. pers. In: Anthes, 2002 Perru & Sardet, 2005; Sardet & Betremieux, 2006; Lobenstein, 2008; Svitra & Sielezniew, 2010) . Lonicera caprifolium is reported as host plant of all subspecies of E. aurinia, except provincialis ssp., by Mazel (1977 , in Jutzeler, 1994 . In Central Italy, our observations on E. a. provincialis show that four species of plant are used by larvae as host plants: Gentiana cruciata, Scabiosa columbaria, Lonicera caprifolium and Cephalaria leucantha. The larvae show no preference between these plants. These host plants are consumed by caterpillars from I to VI instar but the role played by each host plant in supporting larval growth is different and depends on vegetative status of each host plant species. The mean values of plant occupancy showed that: G. cruciata (55%) and C. leucantha (14%) prevail in the diet of the pre-diapause larval stages (Tab. 4), with S. columbaria providing the major food source for the post-diapause fourth instar 65% to the nourishment of the fifth and sixth instar. L. caprifolium provides a lesser contribution as a food source for the V-VI instars (24%, Tab. 5).
In laboratory larvae did eat Gentiana lutea, no eggs or larvae were found using this host plant in the wild.
Oviposition host species. Females laid their eggs on three plant species, Gentiana cruciata, Scabiosa columbaria and Cephalaria leucantha (Tabs. 2-4). Whenever S. columbaria and G. cruciata coexist, the pre-diapause plant occupancy on G. cruciata is on average higher than that on S. columbaria (Tab. 3) although G. cruciata is uncommon at a site (noting that all G. cruciata plants were sampled) and S. columbaria was very abundant. The same pattern was seen where C. leucantha is together with S. columbaria. Why do the females lay more egg batches on plants that are less frequent and numerically rare? In E. aurinia, the main stimulus that encourages females to alight on a plant is primarily visual, as observed in E. editha (Ehrlich & Hanski, 2004) . Therefore, the visibility of plants is crucial in selecting oviposition sites and depends on local features of the soil morphology, the vegetation structure, and the physical size of the host plant present within a habitat patch. This topic has been studied by several authors and recognized as related to the presence of eggs (Porter, 1981; 1992; Anthes et al., 2003; Konvicka et al., 2003; Fowles & Smith, 2006; Liu et al., 2006; Stefanescu et al., 2006; Betzholtz et al., 2007; Botham et al., 2011; Pennekamp et al., 2013) .
our observations on E. a. provincialis have led us to the same conclusion and show that there was no preference in the choice of the host plant in this species and the egg deposition was determined only by host plants visibility and accessibility to females. Females of E. a. provincialis mainly laid their eggs on G. cruciata (and on C. leucantha) that are more easily accessible than S. columbaria (Fig. 3) although those plants were much less numerous than those of S. columbaria (about 1:100). Taking into account the egg batches alone, the plant occupancy rate were higher: 60%, G. cruciata, 28%, C. leucantha, 2%, S. columbaria, in each habitat patches (Tab. 2). This shows a distinct preference for the large, clearly accessible plants of G. cruciata. We want to emphasize that C. leucantha does not exist in the same place with G. cruciata; C. leucantha is limited to a rocky slope in a small habitat patch nearby Villa Camponeschi therefore it is not ecologically relevant to compare cruciata with leucantha.
Considering the presence of eggs and larval webs together, although different factors (i.e. mortality, starvation, etc.) can affect the conclusions above, a similar pattern in host plant use is observed (55%, G. cruciata, 14%, C. leucantha, 1%, S. columbaria (Tabs. 3 and 4). During the flight period of E. a. provincialis the vegetative status of the host plants and surrounding vegetation was systematically recorded. This could provide an approximate index of the visibility of the host plant.
In all altitudinal zones in the study area G. cruciata is represented by prominent, large-sized individuals that stand out clearly above the surrounding vegetation. The ground rosettes leaves of S. columbaria are almost always completely hidden, and therefore inaccessible to searching females. In north-facing and wet grassland patches, S. columbaria is very frequent but patchily distributed and completely hidden by the surrounding tall grasses, with the flower heads of S. columbaria concealed by vegetation (Fig. 3A) . In these places there are neither webs nor eggs despite the local high host plant density. on contrast, the eggs batches are found on S. columbaria where slope, aspect, sun exposure, humidity and soil, do allow good visibility of host plants. In these situations the host plants may be larger in size, or more apparent due to grazing activity.
Some authors suggest that the presence of egg batches is linked to host plant density and other factors such as host plant size, morphology and growth habits, and vegetation structure of the habitat (Anthes et al., 2003; Fowles & Smith, 2006; Liu et al., 2006; Stefanescu et al., 2006; Betzholtz et al., 2007) , or microclimatic predictors (sun exposure and topography, Botham et al., 2011; Pennekamp et al., 2013) . our observations are not inconsistent with those results. In fact, the egg and larval occupancy of S. columbaria is very low in all habitat patches, both where large and small host plants coexist, and where only small plants are present.
Some plants of G. cruciata, even if visible and accessible for females, occur in shady or dense vegetation cover. These plants were never used for egg laying in contrast to plants in open sunny conditions that held egg batches year after year (Fig. 5) . These results show how the location (sun exposure, microclimate) of plants of the same species can influence the female choice of oviposition site. In addition, the exposure to sunlight within the habitat could shape the female choice for oviposition plant; for example, large, visible plants would not be considered for egg laying if they were in shadow. For this reason there were plants that were highly visible, but shaded, on which egg batches were never observed compared to "optimally" placed plants that were used for oviposition for consecutive seasons (Fig. 5) . The observed pattern of host plant use is of great relevance to the conservation of the species E. a. provincialis, with the data showing selection of the same G. cruciata plants year after year. Accordingly to observations on E. a. aurinia (Porter, 1992; Anthes et al., 2003; Sardet & Betremieux, 2006; Singer, 2003 In: Stefanescu et al., 2006 females of E. a. provincialis also lay their eggs on the same plant where other females have previously laid. The multiple batch placements seem unrelated to host plant availability. In the study area there were many plants without egg batches (40%, G. cruciata, N=70; 97%, S. columbaria, N=396) (Fig. 4) . In fact, females seemed to prefer the plants with egg batches rather than "empty" ones despite these being available. The presence of eggs as a stimulant for further egg batches being added is known in other butterflies (Ehrlich & Hanski, 2004) . In E. a. provincialis the presence of multiple egg laying events on the same plant could not be random because during oviposition behaviour the females make a long and meticulous inspection of the host plant and then lay their eggs nearby or on the egg batches laid previously by a different female (Fig. 2C) . If this inspection of host plants was aimed at preventing the competition for trophic sources, females would avoid laying on host plants that already held batches. The hypothesis that the multiple egg laying events on the same host plant can be due to the lack of host plants is unsupported. For example, excluding the plants located in non-optimal conditions for butterfly activity, a moderate percentage of Gentian plants were not used by females.
Given the above, why do females oviposit on small plants and not continue to search for large host plants? We think that females of E. a. provincialis do not use size in selecting host plants, but they oviposit on the first host plant found during their search; then, they check it, not to evaluate the plant (prerequisite for a choice whether or not to abandon it) rather to search for eggs laid by other females before adding their batch. Although this female behaviour is seemingly not favourable for larvae in terms of competition for food source, it provides benefits in terms of survival by creating large numbers within a feeding group during the post-diapause stages (see below).
Larval host plant choice. Pre-diapause and diapause phase. The young larvae (I-III instars) have a distinct behaviour and live in a group inside a silk larval web feeding on the four above-mentioned plants. The key point is that, accordingly to the data on egg batches, large plants were mostly occupied by the pre-diapausing stages. In the study area, the pre-diapause plant occupancy on G. cruciata was on average always higher than that on S. columbaria (respectively, 55% vs. 1%, Tabs. 3 and 4). This was also true in the habitat patches nearby Villa Camponeschi where G. cruciata is absent and C. leucantha takes over as large sized host plant; here, the plant occupancy on C. leucantha was 14% and higher than that on S. columbaria (on this plant no larval web was observed). This suggests that, when eggs laying occurred on large-sized plants, the young caterpillars remain aggregated, thanks to the abundance of food provided by plant. These larvae also built large, robust larval webs, spun around two or three stems of host plant, that easily withstood the ravages of winter (Fig. 2D,E) . These larval webs may contain some hundreds of larvae. In contrast, if egg laying occurred on small host plants, such as the rosettes of S. columbaria, the larvae quickly consumed the whole plant and then were forced to move onto new food sources. In these cases, the original feeding group of larvae dispersed in the meadows and often divided into small groups, not all of which survived due to starvation (see below in Larval survival paragraph). The surviving larvae made small and less robust larval webs (Fig. 2F ) and these contained a small numbers of individuals. only two examples were found where this also occurred on G. cruciata where larvae consumed the original host plant and the original gregarious group dispersed as they searched for a new food source. The overwintering larval webs were recorded on the four host plants cited above and also on some Graminacee and other plants as Carlina acaulis, Eryngium sp., Prunus spinose, Sanguisorba minor.
Post-diapause phase. After the diapause period, in February, gregarious larvae (IV instar) became active; they moved on the ground in search of food, using a silk thread to guide the group of caterpillars. In February, available food consisted solely of small but abundant shoots of S. columbaria, with minimal contribution from small shoots of the few plants of G. cruciata and C. leucantha (Fig. 3) . The plants of L. caprifolium are, at this time of year, without leaves and cannot be used as a food source. From March onwards, the fifth instar larvae were feeding as individuals with no gregarious behaviour and start to utilise L. caprifolium as it produces fresh leaves and shoots. In the study area all three host plants provided food source for E. a. provincialis caterpillars post-diapause, but with S. columbaria as main food source (Tab. 5).
Larval survival after winter diapause. It is clear that the larger host plants have an important role in the larval development during the pre-diapause period and reduce winter mortality during the early larval instars and a high survival through the winter (diapausing larvae).
The survival rate of overwintering larval webs on G. cruciata was on average higher than on S. columbaria, though not reaching significance. This result becomes more significant when the differences in web size are considered; although this rate was impossible to determine directly without causing irreparable damage to the larval webs, it was easily inferable as the larval webs on G. cruciata and C. leucantha contained many more larvae (150-200 larvae) than those on the S. columbaria (20-50 individuals). The better survival rate on G. cruciata can be related two points: the size and biomass of G. cruciata and the benefits of large overwintering webs. The large plant size and abundant leaves of G. cruciata, enable the first three larval instars to develop on a single host plant. This means that larvae do not need to disperse in search of food in contrast to larvae using small plants as S. columbaria. The high numbers of larvae on G. cruciata are able to construct large and robust larval webs (a larval web on gentian: 10-15 cm in length and 4-5 cm in diameter), which provide protection from climatic pressures (snow, rain, low temperatures) and predators. The predators includes true bugs (Hemiptera, Heteroptera) as Deraeocoris schach (Fabricius, 1781) (Pinzari, 2016) and Picromerus bidens (L., 1758) that attack the pre-diapause larvae, and flies Erycia furibunda (Zetterstedt, 1844) (Diptera, Tachinidae) that are parasitoid of the pre-diapause larvae (Pinzari, in press) .
At this point, it is legitimate to ask why E. a. provincialis continues to egg lay on S. columbaria if it seems to be advantageous in terms of larval survival to oviposit on G. cruciata and large plants in general. our results show that, on their own, large plants of G. cruciata do not ensure the survival of E. a. provincialis larvae as they are unavailable as a food source for postdiapause larvae. S. columbaria and L. caprifolium are key sources of food during the post-diapause period. Additionally, in patches where G. cruciata was absent, the larval webs survival of E. a. provincialis was exclusively dependent upon S. columbaria and L. caprifolium, although with low survivorship.
Post-diapause larval activities and thermoregulation. The fact the shoots of small plants were the main food source for larvae during the post-diapause period means that they need to move frequently to find food. This is facilitated by the high density of S. columbaria plants but also includes opportunities to bask. This matches Porter's studies (1982) where larvae need an optimum body temperature (not less than 30°C) to metabolize food efficiently. When they feed their body temperature decreases for the ingestion of cold food; consequently, they need to bask in sunshine to raise their body temperature above 30°C. In February, the temperatures reached as low as 0°C and never exceed 10-15°C until April. Consequently, it is easy to understand how, at low temperatures, it is difficult for caterpillars to maintain the optimum body temperature for rapid food digestion and how long periods of dorsal basking are needed to (especially in the fourth instar) to facilitate rapid digestion. The results of our observations on the fifth and sixth solitary caterpillars activities do show that around 55% of their time is devoted to body thermoregulation compared the time spent moving or feeding (Tab. 5).
In E. a. aurinia, larvae use dorsal basking behaviour to heat up in the sun and raising their body to temperatures above 30°C (35-37°C) (Porter, 1982) . The change of larval habitus from pale-brown in postdiapause feeding stages to jet-black in post-diapause is presumably related to individual body thermoregulation. The colour helps both absorbing the solar radiation and limit heat losses. Porter (1982) showed that the larval body temperature decreases as they feed low down in the cooler parts of the plant and suggested that larvae move closer together to reduce the lateral dispersion of heat. This behaviour was also observed during our field work; when it was sunny, larvae arranged themselves more or less parallel in tightly aligned groups and in a single layer (Fig. 2H) . Additionally, we observed another behaviour used by caterpillars for reducing heat loss from their body in absence of sun (in cloudy days or at sunset). At these times larvae took shelter among the leaves and dried herbs and piled up on each other in a tight, almost spherical cluster, thus the larvae are in close contact with all their neighbours and this will reduce heat loss from each larva (Fig. 2I) . The basking and clustering behaviours are reinforced by the female behaviour of adding eggs to existing batches to create larger groups of larvae. This preference to lay eggs on a plant with existing egg batches will have evolutionary advantage. The aggregation of individuals is an effective way to promote warming, and the greater the number of larvae in a group the better. Hence, multiple egg deposition on the same host plant and large larval webs on large host plants give greatest advantage to survival of larvae.
As spring progresses, the climatic conditions change and temperatures rise. In these conditions gregarious behaviour is not needed as a way of maintaining the temperature body; the need to find new food sources is now more important than the need to keep warm by group basking. At this time the fresh shoots of host plants are soon exhausted as the larvae grow larger, and larval groups begin to split up to search for new food sources. By the fifth instar the gregarious behaviour ceases and larvae become solitary.
CoNCLUSIoNS
Females of E. a. provincialis oviposit on three host plants (G. cruciata, S. columbaria, C. leucantha) without any preference and locate them by using visual stimuli. More visible and accessible plants (G. cruciata and C. leucantha) show a higher number of egg laying events.
Female prefer to lay their eggs on the plants where other females have previously oviposited as in E. aurinia aurinia (Porter, 1992; Anthes et al., 2003; Sardet & Betremieux, 2006; Singer, 2003 In: Stefanescu et al., 2006 . In E aurinia, living in larval groups seems to be evolutionary selected through laying egg batches. Double and triple egg laying events on the same plant contribute to form single, large groups of larvae. This female behaviour can be seen as disadvantageous because of the high competition for food sources among young larvae on the same host plant; however, gregarious behaviour can offer several benefits to larvae during both pre-diapause period and post-diapause period.
E. a. provincialis is a polyphagous species in the study area. The larvae feed on three plants G. cruciata, L. caprifolium and S. columbaria, and in other patches nearby our study area they also eat C. leucantha. A fifth species, G. lutea is eaten under laboratory conditions but needs further confirmation in the wild. The larvae show no preference for a specific host plant, readily moving from one to another one when feeding. All host plants are important for the larval survival in E. a. provincialis, supporting their growth and development during one or more of their larval stages.
The success of E. a. provincialis and its persistence over forty years in the study area may be helped by the larvae being polyphagous. The preferential use of different host plants by larvae at each growth stage ensures the survival of the species.
Larval survival is often the key determinant of population size and distribution, so understanding the sources and variation in larval mortality is essential to understanding and predicting butterfly population dynamics.
